No consensus has been reached regarding the glucocorticoid (GC) to use for congenital adrenal hyperplasia (CAH) during adulthood. Dexamethasone (DEX), because of its longer half-life, could improve compliance; however, no data are available regarding the long-term effects of DEX therapy.
Congenital adrenal hyperplasia (CAH) due to 21-hydroxylase deficiency is a common autosomal recessive disorder caused by mutations in the 21-hydroxylase gene (CYP21A2). These mutations result in a complex imbalance of adrenal steroids with decreased glucocorticoid (GC) secretion, accompanied by mineralocorticoid deficiency and androgen excess [1, 2] . Different mutations will cause variable degrees of residual enzymatic activity, leading to a spectrum of clinical manifestations. These manifestations have been classified into the classic form, including the salt-wasting (SW) and simple virilizing (SV) forms, and the nonclassic form (NC). The classic forms have an incidence of 1:10,000 to 1:20,000 live births [3, 4] , and the NC has an estimated prevalence of 1:1,000 of the general population [5] .
The aims of CAH therapy are to replace deficient hormones, prevent an adrenal crisis, and control androgen excess. A substantial interindividual variability in GC dose requirements make the achievement of these therapeutic goals a challenging task, and patients are frequently exposed to under-or overtreatment. No consensus has yet been reached regarding which type of GC and daily regimen should be used for adult patients with CAH [6] [7] [8] .
Short-acting GCs such as hydrocortisone are indicated for the treatment of children with CAH because these will have less effect on the children's growth [9] . These can also be used in adults. However, they require at least two to three daily doses and, for a life-long chronic disorder such as CAH, adherence can be an issue. Long-acting GCs such as dexamethasone (DEX) are another option for treating adults according to the Endocrine Society guidelines [8] . However, some investigators have reported that its use has been related to a greater frequency of adverse metabolic outcomes [6, 7, 10] . Therefore, hydrocortisone has been suggested as a first-choice therapy by many investigators, because it will result in fewer metabolic side effects. However, no reported studies have compared both regimens.
Relatively few studies have been performed of adults with CAH receiving long-term treatment, and many of these have reported a greater prevalence of obesity, hypercholesterolemia, insulin resistance, osteopenia, and/or hypertension than in the normal population [6, [11] [12] [13] [14] . However, these were usually cross-sectional studies and involved patients using distinct types and regimens of GCs, which impaired the correlation of these findings with a specific type of GC. At present, no longitudinal studies with a homogeneous cohort of patients with classic CAH using DEX to evaluate its long-term metabolic effects have been performed. The objective of the present study was to analyze the metabolic effects of DEX therapy in adult patients with well-controlled CAH followed up in a single tertiary center after the diagnosis.
Subjects and Methods

A. Subjects
We selected 60 adult patients with classic CAH (41 women). Of the 41 women, 21 had the SV form and 20 had the SW form. All the patients had basal 17 hydroxy-progesterone (17OHP) levels .50 ng/mL at diagnosis and molecular genetic test results predicting for classic form phenotypes [15] . The inclusion criteria were the exclusive use of a short-action GC during childhood and puberty (cortisone acetate, 18 to 20 mg/m 2 /d); introduction of DEX therapy in elixir (0.1 mg/mL) or tablet (0.5 and 0.75 mg) formulations only after the achievement of final height; good compliance with treatment during adulthood; and adequate hormonal control [normal serum electrolytes, normal androgen levels according to sex and age, and no suppression of serum 17OHP levels (,5 ng/mL) in the previous 5 years]. The SW patients also received fludrocortisone (55.7 6 10.6 mg/d). Mineralocorticoid replacement was monitored by the blood pressure and plasma renin activity. We excluded patients who had developed SW crises during the study period and those receiving cytochrome P450 inductors.
The local ethics committee approved the present study, and all individuals gave their written informed consent.
B. Methods
We compared the clinical and laboratory data immediately before the beginning of DEX therapy and at the last evaluation. The clinical data included the body mass index (BMI), waist/height ratio (WtHR), and blood pressure. The BMI data of all the patients were converted to the SD score (SDS) according to the World Health Organization growth reference graphs [16] , because 28 of the 60 patients had initiated DEX therapy before they were 19 years old. The clinical data were compared with data extracted from a paired population matched by age and sex available from a Brazilian national health research study conducted in 2013 [17] .
The laboratory data included measurements of glucose, insulin, total cholesterol, lowdensity lipoprotein cholesterol, high-density lipoprotein cholesterol (HDL-C), and triglycerides (TG) and calculation of the homeostatic model assessment for insulin resistance (HOMA-IR) index. The serum 17OHP and androstenedione levels were measured at baseline using a radioimmunoassay and at the end of the study using liquid chromatography-mass spectrometry. The intra-assay and interassay coefficients of variation ranged from 5% to 10%.
The presence of metabolic syndrome (MetS) in adults was defined in accordance with the National Cholesterol Education Program Adult Treatment Panel III as the presence of three or more of the following abnormalities: waist circumference (WC) $102 cm in men and $88 cm in women, blood pressure $130/85 mm Hg, fasting glucose .110 mg/dL, fasting serum TG $150 mg/dL, and low HDL-C levels (men, ,40 mg/dL; women, ,50 mg/dL) [18] . For patients aged ,19 years, the modified Adult Treatment Panel III criteria [19] were used, defined as the presence of three or more of the following abnormalities: WC $90th percentile for age and sex, blood pressure $90th percentile for age and sex, fasting glucose $100 mg/dL, fasting serum TG $90th percentile for age and sex, and HDL-C levels ,40 mg/dL.
C. Statistical Analysis
Data are presented as the mean 6 SD, unless otherwise stated. Analyses of the metabolic profile before and after DEX therapy were undertaken using the paired Student t test or Wilcoxon signed-rank test for numerical continuous variables, as appropriate. The categorical variables were compared between groups using the x 2 test or Fisher exact test, as appropriate. Linear and multiple regression analysis were performed to evaluate the correlation between the metabolic data and DEX doses and/or the duration of treatment. Statistical analysis was performed using Minitab, version 17, software, and a P value , 0.05 was considered to indicate statistical significance.
Results
The mean patient age at the transition from the short-acting GC to DEX therapy was 20.5 6 9.8 years. The mean patient age at the last evaluation was 31.9 6 9.6 years. The mean duration of GC therapy since the diagnosis, including the short-acting GC, was 27.1 6 7.7 years, and the mean duration of DEX therapy was 11.5 6 4.9 years. DEX was administered once daily at bedtime, and the mean daily dose in the previous 5 years was 0.18 6 0.07 mg/m 2 /d. The patients with SW also received fludrocortisone (55.7 6 10.6 mg/d). The differences in the baseline and last hormonal 17OHP levels were not statistically significant (Table 1) . However, the levels of androstenedione were lower at the last evaluation, which could suggest better compliance.
When we compared the metabolic variables immediately before DEX therapy and at the last evaluation (Table 1) , we observed a small but statistically significant increase in the WtHR, from 0.54 6 0.08 to 0.56 6 0.1 (P 5 0.001). The individual values and increase in the WtHR during DEX therapy are shown in Fig. 1 . Furthermore, a statistically significant increase occurred in the HOMA-IR index (from 2.5 6 1.3 to 2.8 6 1.7; P 5 0.03), which correlated positively with the WtHR (r 5 0.54). The difference in the BMI-SDS was not statistically significant during the DEX period (1.6 6 1.6 kg/m 2 at the transition to DEX and 1.5 6 1.5 mg/m 2 at the last clinical visit; P 5 0.65). Moreover, the prevalence of obesity according to the BMI was 27% in both evaluations, and 33.3% of patients were overweight immediately before the introduction of DEX and 35% at the last visit (P 5 0.842). The mean DEX dose did not differ between those of normal weight and those who were overweight or obese (0.17 6 0.07 vs 0.18 6 0.08 mg/m 2 /d; P 5 0.7). The comparison of the WHtR between the CAH cohort and the reference Brazilian population paired by age [17] showed a similar prevalence of an increased WC at the beginning of the DEX therapy in the first group (18.3% vs 14.3%, respectively) and at the last evaluation (26.7% vs 29.6%, respectively; Fig. 2) .
No other metabolic parameter was significantly different during DEX therapy, including HDL-C according to sex, low-density lipoprotein cholesterol, fasting glucose, TG, or blood pressure. MetS was observed in four patients (7%) at the transition to DEX and in six (10%) at the last evaluation (P 5 0.743). The results of the linear and multiple regression analysis showed no correlation between the metabolic variables and DEX therapy (duration and doses), sex, or clinical form of CAH.
Discussion
CAH is the most common genetic endocrine disorder and, with the availability of treatment with GCs, most of these patients have been reaching adulthood. However, no standard regimen has been determined for treating adults [6, 13] .
DEX offers the advantage of a once-daily dose, which could improve treatment compliance. However, its use has been feared because it has been suggested that its use could be related to a greater risk of the development of an adverse metabolic profile [7, 20] . In addition to the lack of longitudinal studies, one drawback in the available data on metabolic disturbances in these patients has been the scarcity of homogeneous cohorts to evaluate the specific effects of the disease and each GC regimen. To focus on the metabolic effects of long-term DEX therapy, we selected only patients with classic CAH forms and adequate compliance and who had used exclusively DEX since the attainment of their adult height. According to the World Health Organization, the prevalence of obesity in the Brazilian population was 17% in men and 24% in women and the prevalence of overweight was 38% in men and 29% in women. In our group, 27% of patients were obese and 33.3% were overweight immediately before DEX introduction. These rates did not increase during the use of DEX and were similar to, or even lower than, that in other CAH cohorts receiving diverse types of GC. For instance, in a cross-sectional study conducted in the United Kingdom [CaHASE (United Kingdom Congenital Adrenal Hyperplasia Adult Study Executive)] [6] , which evaluated 165 adult patients with CAH (103 women), 41% had a BMI in the obese range and 37% in the overweight range. Moreover, in a French cross-sectional study [21] , which had included 70 adult patients with CAH (45 women; 53 with SW), 44% had a BMI .25 kg/m 2 . Finally, in an American cross-sectional study [13] , which had include 44 adults with CAH (25 women; 26 with SW), one third of the patients were obese.
Although the BMI did not change with DEX, we observed a small, but substantial, increase in the WtHR, compatible with an undesirable body fat distribution. The WtHR is an effective anthropometric indicator and correlates better than the WC alone with cardiovascular health [22] . The WHtR cutoff value of 0.5 was proposed after an analysis of data from 14 different countries and was a stronger predictor of the development of diabetes and cardiovascular disease than the BMI [23] . Furthermore, the final WC in our female patients was lower than that from the CaHASE cohort (80.8 cm and 99.5 cm, respectively), in which 26% of the patients had received hydrocortisone, 43% prednisolone, 19% DEX, and 10% a combination of GCs [6] . Only one study evaluated visceral adipose tissue (VAT) [24] . They evaluated 28 subjects with CAH (aged 15.6 6 3.2 years), including 8 treated with DEX, and increased VAT was found compared with paired healthy controls [24] .
A substantial increase in the HOMA-IR index was also observed during the use of DEX, with 38% of patients having a HOMA-IR .2.5 (compatible with insulin resistance) at our last evaluation. Moreover, in our sample, the HOMA-IR presented a moderate positive correlation with WtHR (r 5 0.54), consistent with the correlation seen between WtHR and VAT in the American cohort (r 5 0.84) [24] .
The prevalence of MetS and hypertension remained unchanged during DEX therapy in our series. These results have varied among studies. For example, in a Norwegian study of 64 adult patients with CAH [25] , a higher diastolic blood pressure was observed compared with that in the normal population. In the CaHASE study [6] , an increase in diastolic blood pressure in female patients with CAH was also observed. Regarding the prevalence of MetS, in the American cohort [13] , it was identified in 18% of adults.
It is possible that we saw few substantial metabolic effects with DEX treatment in our patients because they were still young (mean age, 31.9 6 9.6 years). This cohort of patients was organized within the previous 20 years and did not have enough older patients from which to draw further conclusions about elderly patients with CAH. Continued follow-up of the cohort will hopefully result in more information as the population ages. However, they have received DEX treatment for a considerable time (11.5 6 4.9 years). In addition, our results are similar to those from other young CAH cohorts receiving mixed GC regimens. We could not rule out that the undesirable effects observed for the WHtR could be related to aging and long-term GC exposure and not exclusively related to the use of DEX.
One limitation of the present study was the absence of a control group using other GC regimens. This was because our study was a real-life setting study in a tertiary center in which we had opted to improve compliance by the use of a once-daily dose of DEX, which is more accessible in Brazil. The lack of an age-matched control group was partially resolved through a comparison with data from a large Brazilian population and with data from patients with CAH described in other studies. Second, some concerns exist regarding the long-term DEX effects on bone health. However, a recent study reported the 10-year follow-up data for patients with CAH who had been receiving mixed GC regimens (89% of the patients receiving DEX therapy) [26] . They found no correlation between bone mineral density and the cumulative dose of GC. Therefore, the investigators suggested that the risk of osteoporosis in this cohort could be similar to that of the normal population [26] . Finally, the use of DEX should not be used during pregnancy, because it crosses the placenta and reaches the fetal circulation.
Conclusions
These preliminary data have indicated that DEX therapy appears to be an acceptable option to treat adult patients with CAH, because it was not associated with an increase in the prevalence of obesity, MetS, or hypertension. Furthermore, DEX could be an interesting option to improve patient compliance. Prospective studies are still necessary to compare the long-term effects of each GC formulation.
